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ABSTRACT 
A summary i s  presented o f  e x i s t i n g  l eaky  feeder  communications 
systems c u r r e n t l y  i n  ope ra t i on  i n  Nor th  America. Background i n f o r -  
mat ion  p e r t a i n i n g  t o  p rev ious  use o f  l eaky  feeder  technology i s  
discussed a long  w i t h  t he  survey methodology. A rev iew o f  some 
p e r t i n e n t  f a c t s  concern ing p ropagat ion  i n  tunne ls  and s p e c i f i c  
r e fe rence  t o  mine tunne l  p ropagat ion  i s  presented.  A summary o f  
t he  c h a r a c t e r i s t i c s  o f  each mine v i s i t e d  i s  presented i n  t a b u l a r  
form, and methods o f  procurement and maintenance a re  discussed. 
The r o l e  o f  user  t r a i n i n g  i n  e f f i c i e n t  system use i s  presented. 
Seven s i t e s  rep resen t i ng  e i g h t  mines a re  i nc l uded  i n  t he  survey. 
Economic and t e c h n i c a l  t o p i c s  a r e  cons idered.  
INTRODUCTION 
Leaky feeder  r a d i o  systems have become a w e l l  es tab l i shed  tech- 
no logy  f o r  use i n  areas where normal r a d i o  p ropagat ion  cannot be 
supported, such as r a i l r o a d  tunne l  a p p l i c a t i o n s ,  o r  where a spec ia l  
geometry must be superimposed on t he  r a d i a t e d  s i gna l  as i n  Highway 
Adv isory  Radio I n f o r m a t i o n  systems. As a n a t u r a l  outgrowth o f  
r a i l r o a d  and o t h e r  t r a n s i t  a p p l i c a t i o n s ,  l eaky  feeder  r a d i o  systems 
have found appl  i c a t i  ons i n underground m i  n i  ng . Extens ive use has 
been made o f  l eaky  feeder  r a d i o  systems i n  Great B r i t a i n  where t he  
Na t i ona l  Coal Board (NCB) has been i n v o l v e d  i n  exper imenta t ion  and 
a p p l i c a t i o n  o f  such systems f o r  over  a decade. Leaky feeder  r a d i o  
systems have become the  backbone o f  B r i t i s h  mine communications. 
S i m i l a r  a p p l i c a t i o n s  a re  a l s o  found i n  France, West Germany, and 
Belgium. 
The Bureau o f  Mines i n s t a l l e d  a whole mine leaky  feeder  system 
i n  t h e  Un i t ed  S ta tes  a t  Bethlehem S t e e l ' s  Grace mine i n  Morgantown, 
Pennsylvania (1  )*. Technica l  l y  , the  system func t i oned  as pre-  
d i c t e d ,  and i t-was a n t i c i p a t e d  t h a t  l eaky  feeder  r a d i o  systems 
* Under l ined  numbers i n  parentheses r e f e r  t o  l i s t  o f  re fe rences  a t  
t h e  end o f  t he  paper. 
would f i n d  r a p i d  acceptance i n  i n d u s t r y .  Dur ing  t h e  n e x t  few years ,  
mines began t o  implement t h e  l eaky  feeder  concept.  I t  seems l o g i c a l ,  
based upon t h e  NCB and Bureau o f  Mines exper iences w i t h  l eaky  feeder  
systems t h a t  such systems should  earn a r espec tab le  share o f  t h e  U.S. 
mine communications market,  e s p e c i a l l y  i n  l i g h t  o f  t h e  t r e n d  toward 
n o n t r o l l e y  haulage i n  newer U.S. mines. I n  o r d e r  t o  assess t h e  s t a t e  o f  
l eaky  f eede r  communications, t h e  Bureau has sponsored a s tudy  o f  l eaky  
feeder  r a d i o  sys tems i n  underground mines ( 2 ) .  - 
The s tudy  uncovered an i n t e r e s t i n g  a r r a y  o f  i n f o r m a t i o n  concern ing 
system c o n f i g u r a t i o n ,  uses, m iner  acceptance, i n s t a l l a t i o n  and main- 
tenance c o s t s  and mine management's a t t i t u d e  toward t h e  systems. The 
o b j e c t i v e  o f  t h e  s t udy  program was t o  i n v e s t i g a t e  as l a r g e  a sample as 
p o s s i b l e  o f  mines employing l eaky  feeder  technology.  S ince  no c e n t r a l  
source o f  i n f o r m a t i o n  cou ld  be found, leads were ob ta i ned  f rom r a d i o  
equipment and c a b l e  manufacturers  as w e l l  as those s u p p l i e d  by Bureau 
personnel .  Economic as w e l l  as t e c h n i c a l  da ta  were gathered d u r i n g  t h e  
survey.  Where hard  da ta  were n o t  ob ta i nab le ,  b e s t  es t imates  were 
a t t ached  by t h e  survey team i n  o r d e r  t o  eva lua te  a l l  mines on a common 
b a s i s .  A f t e r  a l l  o b t a i n a b l e  leads had been compi led,  te lephone c o n t a c t  
was made w i t h  each mine t o  l e a r n  i f  l eaky  feeder  communications were 
employed a t  t h e  s i t e .  From t h i s  da ta  base, i t  would be p o s s i b l e  t o  
s e l e c t  up t o  n i n e  mines f o r  i n f o r m a t i o n - g a t h e r i n g  v i s i t s .  
PROPAGATION I N  TUNNELS 
The use o f  r a d i o  i n  underground mines has been f r u s t r a t e d  due t o  
r e l a t i v e l y  poor  p ropaga t ion  c h a r a c t e r i s t i c s  assoc ia ted  w i t h  mine t unne l s .  
Researchers have modeled t h e  underground tunne l  as an i m p e r f e c t  waveguide 
whose w a l l s  p a r t i a l l y  absorb and p a r t i a l l y  r e f l e c t  i n c i d e n t  e lec t romagnet i c  
r a d i a t i o n .  Propagat ion,  t h e r e f o r e ,  i s  a f u n c t i o n  o f  bo th  t h e  tunne l  
d imensions and t h e  sur round ing  m a t e r i a l  compr is ing  t h e  tunne l  f l o o r ,  
r i b s ,  and r o o f .  Measurements o f  r a d i o  p ropaga t ion  c h a r a c t e r i s t i c s  a long  
s t r a i g h t  t unne l  s c o r r e l a t e s  t o  what one would expect  o f  such a waveguide. 
A t t e n u a t i o n ,  expressed i n  db, v a r i e s  l i n e a r l y  w i t h  d i s t a n c e  and e x h i b i t s  
l a r g e  l osses  around corners ,  bends, o r  any d e v i a t i o n  f rom a s t r a i g h t  
pa th .  Sur face  i r r e g u l a r i t i e s  o f  t h e  w a l l s  a l s o  c o n t r i b u t e  t o  pa th  
l osses .  T y p i c a l  r e s u l t s  o f  p ropaga t ion  losses  i n  mine t unne l s  a r e  shown 
i n  Tab le  1 .  
These measurements, made by Goddard ( 3 ) ,  show a s i g n i f i c a n t  d i f f e r -  
ence i n  communication range w i t h  antenna p c l a r i z a t i o n .  Th i s  f a c t  i s  
most n o t i c e a b l e  i n  mine t unne l s  hav ing  one dimension s i g n i f i c a n t l y  
g r e a t e r  than  ano ther .  Antenna p o l a r i z a t i o n  a l i g n e d  w i t h  t h e  l o n g e s t  
t unne l  d imension w i l l  y i e l d  t h e  g r e a t e s t  communication range, a p r o p e r t y  
e x h i b i t e d  i n  Tab le  1 .  The more n e a r l y  a mine tunne l  approximates a 
square t h e  l e s s  n o t i c e a b l e  t h i s  p o l a r i z a t i o n  e f f e c t  w i l l  become. The 
waveguide p ropaga t ion  mode r e q u i r e s  tunne l  dimensions g r e a t e r  than  a 
wavelength o f  t h e  r a d i a t e d  s i g n a l  i n  o r d e r  t o  suppor t  p ropaga t ion .  Range 
i s  a l s o  a weak f u n c t i o n  o f  bo th  r e c e i v e r  s e n s i t i v i t y  and t r a n s m i t t e d  
power. 
Table 1 .--Propagation character is t ics  in a  coal mi& 
7 f t  x 14 f t  tunnel cross section 
Freq. Polarization Coupling Attenuation Bend Approx. range ( f t )  
loss loss  Straight One 
(MHz) ( d b )  (db/100 f t )  (db) l i ne  bend 
200 Vertical 65 15 - 480 - 
41 5  Vertical 78 6.5 35 908 369 
41 5 Horizontal 40 5.9 35 1644 1051 
1000 Vertical 65 4.3 36 1674 837 
1000 Horizontal 57 2.5 38 3480 1960 
The to ta l  propagation loss (between isotropic antennas) i s  deter- 
mined from the table  using the following relationship: 
where L = to ta l  propagation loss ,  
Lo = fixed (coupling) loss ,  
A = attenuation/100 f t ,  
D = distance between transmitter and receiver ( i n  100 f t )  , 
and L C  = loss associated with a  90" bend. 
The above equation should only be used for  distances of D > 100 f t .  To 
appreciate the significance of the relationship between propagation 
losses and e f fec t ive  communication distances between handheld portable 
radios,  consider the following: 
The e f fec t ive  radiated power of a  typical handheld portable i s  1  W ( 0  
(0  dbW), and i t s  receiver sens i t iv i ty  i s  1 pV into  50 ohms (-137 dbW). 
Therefore, the maximum tolerable propagation loss i s  137 db. Using 
th i s  information, Table 1 can be used to determine the maximum com- 
munication range for  t h i s  mine along a  s t r a igh t  tunnel and around one 
90" corner, assuming the same receiver sens i t iv i ty  and transmitted power 
are  used. I t  should be emphasized tha t  the propagation numbers shown 
in Table 1 a re  highly variable between mines. Overburden character- 
i s t i c s  may cause s ignif icant  increaseseor decreases in propagation 
charac te r i s t ics .  Each mine should have measurements run to  determine 
optimum frequencies and ranges of communications as part  of any radio 
system procurement. Mines in our survey used 150-MHz and 450-MHz 
systems. The 150-MHz radios were generally used where there was no 
desire  to  communicate away from the main haulage tunnel. Line a t ten-  
uation and coupling losses are  minimized a t  150, making i t  an a t t r ac t ive  
choice for  large systems. The 450-MHz radio can be used for  haulage 
communications and has s ignif icant ly  greater range when used in areas 
away from the leaky feeder cable as a  point-to-point transceiver. One 
manufacturer now has 800-MHz equipment available which should enhance 
communications in tunnels of smaller cross-sectional area.  
SURVEY DESCRIPTION 
Th i s  p r o j e c t  i n v o l v e d  da ta  c o l l e c t i o n ,  da ta  eva lua t i on ,  t he  drawing 
o f  conc lus ions ,  and recommendations concern ing t h e  usefu lness and degree 
o f  imp1 ementat ion o f  1  eaky feeder  r a d i o  systems i n  t h e  underground mines 
o f  No r t h  America. Prev ious s t u d i e s  o f  l eaky  feeder  cab les have r e s u l t e d  
i n  numerous recommendations f o r  t h e i r  use i n  mines, and a  number o f  such 
systems have been i n s t a l l e d  and a r e  c u r r e n t l y  i n  use, some f o r  a  number 
o f  years .  I n  v iew o f  t h i s ,  i t  was f e l t  t h a t  t h e r e  should  be a  body o f  
exper ience a v a i l a b l e  t h a t  may o r  may n o t  suppor t  e a r l i e r  s p e c u l a t i o n  
on t h e  use fu lness  o f  l eaky  feeders  i n  a  m in i ng  environment.  
A f t e r  an e x a c t i n g  q u e s t i o n n a i r e  was developed, a  two-person survey 
team v i s i t e d  up t o  n i n e  s e l e c t e d  mines known t o  employ some form o f  
l eaky  f eede r  r a d i o  system. The two team members were s e l e c t e d  w i t h  
backgrounds s p e c i f i c a l l y  o r i e n t e d  toward t h e  needs o f  t he  s tudy .  One 
team member i s  a  communications engineer  w i t h  ex tens i ve  exper ience i n  
two-way r a d i o  systems; t h e  second member has ex tens i ve  exper ience i n  
m in ing ,  mine s a f e t y ,  and human f a c t o r s  r e l a t i v e  t o  m in ing  ope ra t i ons .  
Dur ing  these  v i s i t s ,  mine personnel  r espons ib l e  f o r  t h e  maintenance 
and/or management o f  t h e  r a d i o  system were i n t e r v i ewed .  
A t y p i c a l  mine v i s i t  cons i s t ed  o f  an i n -dep th  i n t e r v i e w  w i t h  t h e  
i n d i v i d u a l  a t  t h e  mine respons ib l e  f o r  r a d i o  system maintenance. The 
i n t e r v i e w  g e n e r a l l y  l a s t e d  about  2  t o  3 hours and covered genera l  mine 
i n f o r m a t i o n ,  t e c h n i c a l  and maintenance i n f o rma t i on ,  o p e r a t i o n a l  
i n f o r m a t i o n ,  c o s t  i n f o r m a t i o n ,  and a  s u b j e c t i v e  d i scuss ion  of t h e  
b e n e f i t s  and problems encountered i n  t he  use o f  l eaky  feeder  r a d i o .  A 
d e t a i l e d  r ev i ew  o f  system c o n f i g u r a t i o n  coupled w i t h  a  performance check 
o f  system components such as repea te rs ,  base s t a t i o n s ,  e t c . ,  was per -  
formed where pe rm i t t ed .  Table  2  summarizes t h e  s p e c i f i c  c h a r a c t e r i s t i c s  
found i n  each mine surveyed. 
SYSTEM PROCUREMENT 
The method o f  procurement was t h e  same f o r  n e a r l y  every  system su r -  
veyed. Requests f o r  q u o t a t i o n  had been sen t  t o  severa l  r a d i o  equipment 
manufacturers ,  b u t  o n l y  one manufacturer  would respond; t h e r e f o r e ,  t h i s  
manufac tu re r  i n s t a l l e d  a l l  o f  t he  l eaky  feeder  systems s t u d i e d  i n  t h e  
survey.  As a  r u l e ,  t h e  mine ope ra to r s  had n o t  prepared any d e t a i l e d  
f u n c t i o n a l  d e s c r i p t i o n  o t h e r  than express ing  t h e  d e s i r e  f o r  "good 
communications" i n  t h e  covered areas.  Systems were s p e c i f i e d  and 
i n s t a l l e d ,  o f t e n  w i t h  a  performance guarantee, b u t  t h e  survey team 
c o u l d  uncover no evidence t h a t  t he  l e v e l  o f  performance was ever  spec- 
i f i e d  i n  w r i t i n g .  
A t y p i c a l  system i n  t h e  survey cons i s t ed  o f  about  3 m i l e s  o f  
1  / 2 - i  nch 1  eaky feeder  cab1 e  w i t h  t h r e e  repea te r s .  Twis ted,  s h i e l d e d  
p a i r s  i n t e r connec ted  t h e  repea te rs ,  and a v o t i n g  comparator drove t h e  
Table 2 .. Communications systems summary ( 3 )  .
Descriptions Mi nes Total s 
A B C D E F G  
Type of mine: 
Hardrock ...................... X X X 3 
Coal .......................... X X X X  4 
Surface communications: 
................. Two-way radio X X X X X X  6 
.... PBX telephone (mine owned) X X X X 4 
Underground communications: 
Pager-phone (no d i a l )  ........ X X X  3 
Pager-phone (dial  ) ........... X 1 
Leaky feeder radio system: 
Leaky feeder cable ......... X X X X X X  6 
Twi n-1 ead cab1 e ............ X 1 
Radio paging via leaky 
..................... feeder X 1 
Carrier current radio system . 0 
PBX dial  telephone system .... X X 2 
Characterist ics of leaky feeder 
system: 
Mu1 t i p l e  repeaters ........... X X X X X  5 
....... Receiver voting scheme X X X X  4 
Hardwire repeater interconnect X X X X X 5 
150 MHz band ................. X X X 3 
................. 450 MHz band X X X X  4 
Type of radio equipment used: 
...... Standard radio repeater X X X X X X X 7 
Standard mobile radios ....... X X X X  4 
Railroad mobile radios ....... X X 2 
Repackaged mobile radios ..... X X 2 
. . . . .  Portable handheld radios X X X 3 
Radio pagers ................. X 1 
repeaters in  parallel  from another audio pair  carrying the voted signal.  
(See f igure 1 . )  No system surveyed used the "one way" or daisy chain 
concept as do NCB ins ta l la t ions .  In i t i a l  purchase prices for  each 
system ranged from a low of $35,000 a t  mine E fo r  a single repeater, 
f i ve  mobiles, and approximately 7,000 f t  of 112-inch leaky feeder cable, 
to  a high of over $800,000 a t  bine A for  six repeaters, 50 portables, 37 
mobiles, and 15 t o  18 miles of 718-inch leaky feeder cable. Mine E 
purchased s ix  systems simultaneously. (See figures 2 ,  3 ,  4 . )  The 
typical system depicted in figure 1 would cost about $70,000 i f  con- 
figured with 10 mobile radios and 10 portables. 
In general, unless there i s  some overriding maintenance consid- 
erat ion,  i t  i s  always cheaper to configure a leaky feeder system with 
112-inch cable instead of 718-inch cable. Figure 5 i l l u s t r a t e s  a 
hypothetical 4-mile 1 eaky feeder system using 112-inch cable, requiring 
a repeater in every 5,000-ft section and a 718-inch cable requiring a 
repeater in every 10,000-ft section. Obviously, i f  718-inch cable i s  
used in a mine system other considerations, such as repeater r e l i a -  
b i l i t y ,  downtime, or  d i f f icu l ty  in repeater maintenance must be con- 
sidered of suf f ic ien t  importance to of fse t  the sizable cost difference 
shown in figure 5. 
System specifications during the procurement phase was an area 
uni versa1 ly neglected by mine operators. Consul t i  ng firms with ex- 
per t ise  in leaky feeder appl ications are  avai lable ,  and mine operators 
would be wise to  have a system acceptance specification as well as a 
system operational specification prepared as part of a bid package. The 
cost of such planning would be cheap insurance to those contemplating a 
sizable leaky feeder ins ta l la t ion .  
SYSTEM MAINTENANCE 
System s i ze ,  as mentioned in the previous section, varies con- 
siderably. Obviously, t h i s  has a d i rec t  influence on the budget 
required for  system maintenance. The quality of maintenance was another 
factor  that  varied a great deal. The in-house maintenance program a t  
mine A proved to  be the highest quality maintenance found during the 
study b u t  i t  a lso proved to be the most expensive a t  $28,000 annually. 
Mines B ,  C ,  and D had contracted maintenance to an outside firm b u t  
did routine equipment cleaning and cable repairs on an in-house basis. 
Maintenance expendi tures a t  these mi nes averaged approximately $7,200 
annually. Mines F and G u t i l ized only contract maintenance. Portable 
equipment was removed by mine personnel and serviced in the contractor 's  
repair  shop. Repeaters were repaired on s i t e  only as necessary. This 
arrangement cost  each mine approximately $5,000 annually. 
The systems operated by mine A and mine E present an interesting 
contrast  and vividly i l l u s t r a t e  the importance of quality maintenance 
to the success of a leaky feeder radio system. Each system i s  dis-  
cussed in more detail  in the following paragraphs. The ore haulage 
system a t  mine A c o n s i s t e d  o f  one inbound t r a c k  and one outbound t r a c k  
each approx imate ly  10 m i l e s  l o n g .  Bo th  t r a c k s  occupied t h e  same t u n n e l .  
The l e a k y  f e e d e r  system p r o v i d e d  r e 1  i a b l  e communications a long  t h e  
hau lage t u n n e l  and o r e  l o a d i n g  areas.  The mine i s  r e l a t i v e l y  new, 
and t h e  l e a k y  f e e d e r  system was i n s t a l l e d  as t h e  o r i g i n a l  communication 
system. Due t o  t h e  con t inuous  communication p r o v i d e d  by t h e  l e a k y  
f e e d e r  system, f i v e  inbound and f i v e  outbound t r a i n s  may use t h e  haulage- 
way s i m u l t a n e o u s l y .  Mine management s t a t e d  t h a t  t h e  Mine S a f e t y  and 
Heal t h  A d m i n i s t r a t i o n  (MSHA) , U . S .  Department o f  Labor, has approved 
a 1 0 - t r a i n  hau lage system o n l y  because o f  t h e  r e l i a b l e ,  con t inuous  
communication p r o v i d e d  by t h e  l e a k y  f e e d e r  r a d i o  system. 
o u t s  
down 
D u r i n g  t h e  f i r s t  year ,  mine A c o n t r a c t e d  a l l  maintenance t o  an 
i d e  o r g a n i  z a t i o n .  Th i  s arrangement proved u n s a t i  s f a c t o r y  because 
t i m e  was excess ive .  Due t o  t h e  remote l o c a t i o n  o f  mine A, o u t s i d e  
s e r v i c e  personnel  m i g h t  n o t  respond t o  a c a l l  f o r  4 t o  8 hours .  I n  the  
e v e n t  o f  a communications f a i l u r e ,  o r e  hau lage was l i m i t e d  t o  one i n -  
bound and one out-bound t r a i n ,  r e d u c i n g  mine o u t p u t  by  80 p e r c e n t  
f o r  t h e  d u r a t i o n  o f  t h e  f a i l u r e .  Obv ious ly ,  t h i s  s i t u a t i o n  c o u l d  n o t  
be t o l e r a t e d .  
Today, mine A has an in-house s t a f f  o f  one s u p e r v i s o r  and s i x  FCC- 
l i c e n s e d  t e c h n i c i a n s  who m a i n t a i n  t h e  l e a k y  f e e d e r  system a l o n g  w i t h  t h e  
mine te lephone  system, pager-phone system, and a s u r f a c e  r a d i o  system. 
I t  was observed d u r i n g  t h e  s i t e  v i s i t  t h a t  t h e  q u a l i t y  and p r o f e s s i o n -  
a l i s m  o f  t h e  e l e c t r o n i c  maintenance s t a f f  was o u t s t a n d i n g .  A r e g u l a r  
schedule  o f  p r e v e n t a t i v e  maintenance and performance t e s t i n g  i s  pe r -  
formed every  6 months o r  as p a r t  o f  normal s e r v i c i n g .  T h i s  system was 
i n s t a l l e d  s i m u l t a n e o u s l y  w i t h  t h e  opening o f  t h e  mine. No fo rmer  b a s i s  
o f  comparison e x i s t s  f o r  economic c o n s i d e r a t i o n ;  however, management 
s t a t e s  t h a t  p r o d u c t i o n  would  be l i m i t e d  t o  o n e f i f t h  o f  i t s  p r e s e n t  l e v e l  
because o f  a t w o - t r a i n  o p e r a t i n g  l i m i t .  Mine management f u l l y  suppor ts  
t h e  l e a k y  f e e d e r  system and i s  conv inced t h a t  t h e  $800,000 procurement 
can be soundly  j u s t i f i e d .  
A t o t a l l y  d i f f e r e n t  exper ience  o c c u r r e d  a t  mine E .  S i x  s i n g l e  
r e p e a t e r  systems Kere  purchased f o r  i n s t a l l a t i o n  i n  s i x  sma l l ,  s h o r t -  
l i f e  c o a l  mines.  A t y p i c a l  system i s  shown i n  f i g u r e  4. O f  t h e  s i x  
systems o r i g i n a l l y  i n s t a l l e d ,  o n l y  two remain.  Severa l  o f  t h e  mines 
have been dep le ted ,  and one has conver ted  t o  t h e  use o f  c a r r i e r  phones. 
N e i t h e r  o f  t h e  two rema in ing  systems i s  o p e r a t i o n a l l y  up t o  s tandards .  
The su rvey  team checked t h e  r e p e a t e r  t r a n s m i t t e r  ( n o r m a l l y  r a t e d  70 W) 
i n  one mine and found  t h e  o u t p u t  t o  be o n l y  one-ha1 f W .  The l e a k y  
f e e d e r  c a b l e  i t s e l f  was i n  poor  r e p a i r  owing t o  poor  s p l i c i n g  techn iques 
and t h e  method i n  which t h e  c a b l e  was handled by maintenance crews. 
When moving s e c t i o n s  o f  cab le ,  t h e  crews would c u t  i t  down and use a 
u t i l i t y  j e e p  t o  d rag  t h e  c a b l e  t o  i t s  new d e s t i n a t i o n .  As a r e s u l t ,  
much o f  t h e  re-used c a b l e  was s t r e t c h e d  and had s e v e r e l y  a b r a i d e d  
j a c k e t i n g ,  a l l o w i n g  m o i s t u r e  t o  seep i n ,  damaging t h e  conduc to rs .  A 
l a c k  o f  p r o p e r  main tenance i n s t r u c t i o n  was a l s o  e v i d e n t  i n  t h e  s p l i c i n g  
techn iques  used*  The mine maintenance personnel  would  s t r i p  t h e  c a b l e  
t o  be  s p l i c e d ,  t w i s t  t h e  c e n t e r  conduc to rs  t o g e t h e r ,  and p e r m i t  t h e  
o u t e r  c o n d u c t o r  t o  remain  open. Not  o n l y  d i d  t h i s  cause l i n e  impedance 
problems b u t  i t  a l s o  p r o v i d e d  a  p l a c e  f o r  m o i s t u r e  t o  e n t e r  t h e  c a b l e .  
A t i m e  and m a t e r i a l  maintenance c o n t r a c t  had been i n  e f f e c t  w i t h  a  
1  o c a l  r e p a i  r o r g a n i  z a t i o n .  The l o c a l  r e p a i  r o r g a n i  z a t i o n  had conv inced 
t h e  m ine  pe rsonne l  t h a t  o n l y  FCC-1 i censed  t e c h n i c i a n s  c o u l d  p e r f o r m  
r o u t i n e  t a s k s  such as changing microphones.  An a d d i t i o n a l  prob lem 
o c c u r r e d  when pe rsonne l  changes i n  t h e  maintenance depar tment  l e f t  no 
one t o  s u p e r v i s e  r a d i o  system maintenance. The o u t s i d e  maintenance 
o r g a n i z a t i o n  was a l l o w e d  t o  be summoned by v i r t u a l l y  anyone and w i t h  
no subsequent v e r i f i c a t i o n  t h a t  t h e  c a l l s  had been made o r  t h a t  s e r v i c e  
had been adequa te l y  per formed.  Mine management t e r m i n a t e d  maintenance 
on t h e  system as r e p a i r  c o s t s  surpassed $15,000 mon th ly .  A new super-  
v i s o r  has been a p p o i n t e d  t o  oversee t h e  system, b u t  management has 
dec ided  t o  abandon a l l  l e a k y  feeder systems. 
The d i f f e r e n c e  between mine A and mine E seems t o  be one o f  t h e  
commitment made by mine management t o  m a i n t a i n  t h e  system. W i t h  t h e  
e x c e p t i o n  o f  mine E, maintenance c o s t s  o f  t h e  systems s t u d i e d  were n o t  
excess ive .  The system a t  mine E per formed s a t i s f a c t o r i l y  u n t i l  i t  was 
a l l o w e d  t o  degrade. Comments such as " d i s l i k e "  and " d i s t r u s t "  a r e  heard 
f r o m  t h e  m ine rs ,  as w e l l  as o t h e r  e x p l e t i v e s .  Mine A management c o n s i d e r s  
t h e  system t o  be "uneconomical  " and " t o t a l  l y  u n s a t i s f a c t o r y .  " 
USER TRAINING 
There was no o r g a n i z e d  t r a i n i n g  o f  mine personnel  i n  t h e  use o f  
p o r t a b l e  o r  m o b i l e  equipment, and s e v e r a l  problems were r e c o g n i z e d  as a  
r e s u l t .  P r i m a r i l y ,  when m iners  d i d  n o t  unders tand  t h e  purpose o f  t h e  
system, t h e y  tended t o  s p e c u l a t e  t h a t  mine o p e r a t o r s  o n l y  wanted t o  
"spy"  on  them. Reac t ing  t o  a  p e r c e i v e d  t h r e a t  t o  independence, a  m i n e r  
i n  t h i s  s i t u a t i o n  w i l l  t e n d  t o  abuse equipment more t h a n  one who has a  
c l e a r  u n d e r s t a n d i n g  t h a t  t h e  system w i l l  be o f  pe rsona l  b e n e f i t  by 
i n c r e a s i n g  i n f o r m a t i o n  f l o w  d u r i n g  emergency s i t u a t i o n s  as w e l l  as save 
t i m e  d u r i n g  m a j o r  equipment o u t t a g e s .  R o u t i n e  l o c a t i o n  o f  key personnel  
underground was one o f  t h e  main  uses o f  t h e  s t u d i e d  systems. 
S u f f i c i e n t  r e c o g n i t i o n  must be g i v e n  t o  t h e  m i n e r ' s  and, t o  a  
l e s s e r  e x t e n t ,  t h e  f i r s t  l i n e  s u p e r v i s o r ' s  r e s i s t a n c e  t o  change. T h i s  
r e s i s t a n c e  can be lessened  by a  s h o r t  t r a i n i n g  c l a s s  e x p l a i n i n g  t h e  use 
o f  t h e  system and how t h e  equipment can be opera ted  e f f i c e n t l y .  Emphasis 
s h o u l d  be p l a c e d  on  t h e  f a c t  t h a t  t h e  r a d i o  system w i l l  save need less 
t r a v e l i n g  w i t h i n  t h e  mine and t h a t  i t s  purpose i s  n o t  s u r v e i l l a n c e  o f  
i n d i  v i d u a l  personnel  . 
Several mines reported that af ter  an in i t ia l  period of adjustment 
miners who carried portable radios regarded them as a status symbol, 
designating them as VIP's in the mine operating structure. In these 
situations, there was significantly less  abuse of  radio equipment. 
CONCLUSIONS 
(1 ) All of the systems studied were supplied by a single radio 
manufacturer. Li t t le  variation was evident in the systems and 
they tended to be routine adaptations of surface radio technology. 
( 2 )  Five systems used 1/2-inch leaky feeder cable. Mine A used 7/8-inch 
leaky feeder cable, and mine B used RG-86U, an obsolete 200-ohm 
twin-lead. 
(3 )  I t  i s  less expensive t o  configure a system with 1/2-inch than 
7/8-inch leaky feeder cable. 
( 4 )  In-house techni cal expertise was general ly nonexis tent ,  and consul t- 
ing expertise was not solicited during the planning phase of the 
procurement. Such expertise would benefit the mine in the 
purchasing phase. 
( 5 )  In a l l  cases b u t  one, the systems were purchased without 
genera t i  ng operating or acceptance speci f i cations . 
(6)  The mines did not sufficiently investigate the suppliers of 
available equipment. 
( 7 )  In a l l  cases studied, the miners were not properly trained in 
the use of the radio equipment. This gave r i se  to the following 
probl em areas : 
a. The systems were n o t  used to their  ful l  potential. 
b .  Miners were unaware of the cost of a portable radio and abused 
the equipment. This tended to increase maintenance costs. 
c.  The miner's natural resistance to change caused rejection or 
excessive cr i  ticism of the system. 
(8)  Miners frequently viewed the radio as a means for  mangement t o  
tighten i t s  control over them. 
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5.  System procurement costs vs system s ize  fo r  1 / 2 -  and 7/8-inch 
leaky feeder cable. 
